The effects of the venoms of Naja melanoleuca, Naja nigricollis, and Ophiophagus hannah on blood coagulation, platelet aggregation, and fibrinolysis were studied in vitro. All three venoms were shown to be anticoagulant. This action appeared to be due to an effect on both the extrinsic and blood thromboplastin mechanisms. Platelet aggregation in Chandler's tubes and adenosine diphosphate reactivity were inhibited by the three venoms, although in the case of Ophiophagus hannah venom they were inhibited only with intermediate concentrations. The three venoms possessed proteolytic properties, but when incorporated into purified caseinolytic systems and euglobulin clot lysis systems inhibition of plasmin activity was observed.
The cobra venoms as a group have been considered to be predominantly neurotoxic. In the past the assessment of the effects of these venoms on blood coagulation has been with laboratory techniques which are now largely superseded and frequently the type of cobra venom used has not been specified as mixtures have been used. This paper reports a detailed study of the effects of three cobra venoms (Naja melanoleuca, Naja nigricollis, and Ophiophagus hannah) on blood coagulation, platelet aggregation, and fibrinolysis, and shows that all three systems are strikingly affected by cobra venoms.
MATERIALS AND METHODS
VENOM Naja melanoleuca and Naja nigricollis venoms were supplied in desiccator dried form by J. H. Leakey. The dried venom was dissolved in normal saline in a concentration of 10 mg per ml, and dilutions noted in the text are expressed with reference to this concentration.
described by Biggs and Macfarlane (1962) , with the modification that 0-1 ml of saline was added to each control, and the effect of 0-1 ml of venom solution was compared with this. THROMBIN CLOTITING TIME The method used was described by Fletcher, Alkjaersig, and Sherry (1959) . Venom, 0-1 ml, or in the case of the control experiment, saline, was added to bank plasma and the thrombin clotting time of the mixture determined.
PLASMA RECALCIFICATION TIMES These were determined as described by Biggs and Macfarlane (1962) with the addition of 0-1 ml saline to the control system and 0-1 ml of various concentrations of venom solution to the test system. THROMBIN-FIBRINOGEN DILUTION CURVE This was calculated as described by Biggs and Macfarlane (1962) .
THROMBIN GENERATION TEST The test was as described by Pitney and Dacie (1953) . Saline was added to the control system and various concentrations of venom were added to the test system. Effects ofthree cobra venoms on blood coagulation, platelet aggregation, andfibrinolysis THROMBOPLASTIN GENERATION TEST This was used as described by Biggs and Douglas (1953) . To the standard system was added 02 ml of saline or venom solution in saline.
DESTRUCTION OF FORMED BLOOD THROMBOPLASTIN To assess this a standard system was allowed to generate blood thromboplastin for five minutes then 0 5 ml venom (or saline) was added and the thromboplastic activity was assessed as in the thromboplastin generation test.
ONE-STAGE 'PROTHROMBIN' TIMES These were calculated as described by Douglas (1962) but 01 ml of venom or saline was added to the test system. PLATELET AGGREGATION IN THE CHANDLER'S TUBE The method used is a modification of that initially described by Chandler (1958) . It is essentially a modification of the method of Cunningham, McNicol, and Douglas (1965) . In this system, to a solution of 1 ml platelet-rich plasma and 2 ml saline, 05 ml of venom solution, or in the case of controls, saline was added. Recalcification was with 1 ml M/10 calcium chloride. The end point was taken as the 'snowstorm' effect of platelet aggregation.
PLATELET ADP REACTIVITY This was tested by the method of Born and Cross (1963) with the addition of 05 ml saline to the control and 05 ml venom solution to the test system. Adenosine diphosphate was added to produce a final concentration of 0-5 ,g/ml.
CASEINOLYTIC ASSAYS These were carried out by the method of Remmert and Cohen (1949) as modified by Alkjaersig (1960) . The method is described by McNicol and Douglas (1964) but 0.1 M phosphate buffer pH 7-6 was substituted for acid or alkali. The results are expressed in casein units per ml. Where venom was used 0.5 ml was incorporated in the system in place of an equal volume of phosphate buffer. The stock solutions of Naja melanoleuca and Naja nigricollis were used. In the case of Ophiophagus hannah the stock solution was diluted 1/4 and 05 ml of this solution used. Buffer was substituted for streptokinase and plasminogen in those experiments in which these reagents were omitted.
In a further series of experiments plasmin and venom were incubated separately and together, 0-5 ml of plasmin solution and 0-5 ml of venom being used, and 0 1 M phosphate buffer was substituted in equivalent volumes in the series where one constituent was omitted.
EUGLOBULIN CLOT LYSIS TIMES These were measured by the method of Nilsson and Olow (1962) . Before adding thrombin to the resuspended euglobulin precipitate 0 1 ml of saline or 0-1 ml of varying concentrations of venom in saline were added. Results were expressed in arbitrary units of activity derived from a double logarithmic plot, one unit representing a lysis time of 300 minutes.
RESULTS
WHOLE BLOOD COAGULATION TIME Results are expressed in Table I . It can be seen that adding increasing concentrations of all three venoms leads to progressive lengthening of the clotting times, and in the case of Naja melanoleuca and Naja nigricollis the blood was eventually rendered incoagulable.
PLASMA RECALCIFICATION TIMES Results are expressed in Table II . The venom of Naja nigricollis proved to have the most prominent anticoagulant effect, no clotting taking place when 0-1 ml of a 1/1,024 dilution was incorporated into the system. Ophiophagus hannah venom possessed a weaker though definite anticoagulant action.
THROMBIN GENERATION TEST Results for Naja nigricollis are shown in Figure 1 . It will be seen that increasing the concentration of venom in the incubation mixture progressively impaired thrombin The results for Naja melanoleuca are expressed in Figure 5 . The other two venoms behaved in a comparable manner.
In the control system the thrombin clotting time did not change significantly during the experiment and there was no evidence of proteolysis as reflected by tyrosine release. When fibrinogen was incubated with the venom, however, the thrombin clotting time was prolonged. At the same time there was a progressive increase in the tyrosine content of the solutions, reflecting the proteolysis of the fibrinogen by the venom.
PLATELET AGGREGATION IN CHANDLER'S TUBE SYSTEM
As can be seen from Tables V and VI, the venoms of both Naja melanoleuca and Naja nigricollis inhibit (Table VI ) was more interesting because in the strongest concentration available it did not appear to influence platelet aggregation; however, when diluted, it delayed platelet aggregation and this effect was not lost until a dilution of 1/2,560 was reached.
PLATELET ADP REACTIVITY Results for Naja melanoleuca are illustrated in Figure 6 . All three venoms appeared to inhibit ADP reactivity. Naja melanoleuca venom could, in high concentrations, completely inhibit platelet ADP reactivity. In lower concentrations the effect was to delay the rate of platelet aggregation in the system and this could still be demonstrated at a dilution of 1/100. This effect was least noticeable in the case of Naja nigricollis which even in very high concentrations of 40 mg/ml only minimally reduced the rate of platelet aggregation. We have been unable to find any previous work the prothrombin on the action ofcobra venoms on platelet aggregation neration, and the and ADP reactivity. The formation of a platelet :nce has been put head is almost certainly of prime importance in the ts are produced by initiation of intravascular clotting. Substances which tin as it is formed, possess the property of preventing or reducing annot be excluded platelet aggregation might therefore have important ition, the marked therapeutic applications. Like the mamba venoms rothrombin' time (MacKay, Ferguson, and McNicol, 1966) , the three Naja melanoleuca cobra venoms studied are capable of inhibiting of an action on the platelet aggregation in a Chandler's tube system ism. Ophiophagus and platelet ADP reactivity. The peculiar reodest effect on the sponse obtained with Ophiophagus hannah venom )ugh it is possible in the Chandler's tube system cannot be effectively than were used in explained and is worthy of further study. It may e effect might have represent two fractions with opposing actions, the effects of which are diluted out at different rates. wevenoms directly
The effects of snake venoms on the fibrinolytic of fibrinogen to mechanism have been poorly studied. Eagle (1937) tin. On incubation reported that the venoms of Naja flava and Naja rolonged. This has naja did not digest fibrinogen. In his experiment the h the digestion of venom and fibrinogen were incubated for only one ting which results hour and this probably explains his inability to ducts of fibrinogen demonstrate fibrinogenolysis. It is clearly shown merization.
in the present study that the three venoms produced ,trated that 'cobra progressive digestion of fibrinogen as the period of : and Dam, 1950) . incubation increased and there was parallel proir preparation of gressive prolongation in the clotting time of the stroyed thrombo-fibrinogen, leading eventually to total failure of stroyed by heating coagulation. The observations confirm the work of ing a mixture of Didisheim and Lewis (1956) that crude cobra venom ja flava, and Naja and the venoms of Naja flava and Naja naja are lad an inactivating fibrinogenolytic. Didisheim and Lewis (1956) ons ofNajanigricollis Further work is now in progress to establish )t lysis system. The which of the venom fractions produces the effects mean and standard which have been observed and it is also hoped to determine more precisely their mode of action. 
